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THE DEVELOPMENT OF FLOATS AND EQUIPMENT
FOR RESEARCH IN PROKOTING IT*

By Wilhelm Pabst

If one considers the float systems now in use one 1is
impressed by the extraordinary multiplicity of types, not
only in the methods of stabilization but also in the shape
of the floats themselves. This multiplicity of types is
certainly far from evidence of a high stage of development.
It scems more probable that the multiplicity of technical
types for the same purposes indicates that lack of experi-
ence and thorough knowledge still prevents a decislve
Jundgment as to this or that type.

In the course of time increases in operating experi-
ence and in knowledge, as a result of theory and research,
will manke possible am appraisal for which the bases are
today entirely lacking. In the following discussion I
would like to present, from the point of view of a research
enginecr, the research methods which would make it possi-
blec to accceclerate this development radically while avoiad-
ing crrors and saving money.

I can safely assume that the guestions which must be
congidered in connection with a float are known. It is
a peculiarity of all these guestions, take-off, landing
shock, drifting, maneuvering, stabdbility, -etc., that al-
though they can be treated sepn wrately they must always be
considered as a whole for each influences the other to an
extent which is not common in engineering. I need only
refer to the gnestions of take-off resistance and landlng
impacts. : :

Conseguently, in order to investigate a s1ng1e char-
actoristic of floats, the take-off, the H.S.V.iA. was un-
der the necessity of providing facilities not only for the
study of the take-off resistance but also for the study.of
the drifting, maneuvvering, and stability, and above all
for the study of landing impacts. '

*!gchwimnwerkentwicklung und ihre versuchstechnischen Hilfs-
mittel. Z.F,i%,, December 14, 1932, pp. 581~35886.
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A further pecullarity of. most of..the float problems
which, of course, they“shate ‘with other problems in the
field of research on flew, is that for.the.development of
types a rather considerable number of special investiga-
tions is necessary. This necessity for studying a large
number of constructional forms, and. for studying them in
several directions, for instance, with reference to take-
off, maneuvuvering, drifting, landing impact, stabdbility, and
air drag, in order 'to develop a succeéssful float, compels
d8 to-consider ‘the economy of such tests, frequently pure-

“ly routlne, especially when the high 1nsta11at10n and op-

'eratlng costs -0of the equipment are considered. Otherw1se
‘the comprehen31ve expérimental development of a float may
be wrecked ' 6n the high cost. In the following discussion

of -the §eéparate problems you will also see how we of the
H.S.¥iA. have endeavored-to reduce the cost of testing by
adanting the constructiond of the testing equipment to more
extensive tests of the individual float. .

DETERMINATION OF ‘TAKE-OFF RESISTANCE

The determlnatlon of the take~off performance by model
tests may ‘be assumed to be well known. should like to
refer especially to a paper by Paul Schroder (reference 1)
that discusses the determination of take-off performance
by model tests in a comprehens1ve manner.

Present ~day towing tests of floats are notable for the
exact account. taken. of the air forces and the air moments
that.-are exerted on the float by the wings and control sur-
faces of the aircraft and that influence the draft and trim
in a.manner that is reflected in the resistance of the float.
As.‘the air forces and air moments are dependent not only on
the speed itself but also on the angle of attack, that is,
on the trim, it becomes mnecessary in towing tests either to
control the 1lift and moment in their dependence on the
speed and trim as regquired by the polar of the respective
aircraft and the additional propeller and control surface
forces: and moments, or else %o ‘make a very large number of
measurements for different 1lifts and dlfferent moments and
later to interpolate for the: alrplane in questlon, "Let ne
remark, briefly, that the first special method is very dif-
ficult technically but would wery quickly give the take-~
off performance for definite conditions of installation in
a given airplane. The other more general method requires
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very extensive tests but in exchange makes 1t possidle to

,determlne the take-off per?ormaﬁdé of any desired a1rplane
__Ulorvany d651red conditions of 1n§¢a11ation. T

In'the course of time there has arlsen from the tests
of Schroder .and.Sottorf a- compromise between the. general
and -the. specific methods.u .The. 1ift is prescrlbed for a_
selected tyrim angle,fcorrespondlng to the polar, and dur—
ing tre test run this angle is held t6 by varying the ‘ap-
plled -moments. After. tests have. been. made at a serles of

.angles. the actual running angle. for the biven control sur-

face . moments can be determined and the correspOndlng re—?
51s+ance“ ¢an be. tabulated to ascertain .the take-off per—
formance-. e ; e

‘The new “test equipment 1n the new Tank of the H S V ‘A,
(refereace 2) takes aceount of these previously anplled '
methods in that ruas can be made with the model free to =
trim and during a run thé model can te set at the trim an—
gle for which the 1ift ig '‘given, by shifting a sliding \
Welnnt. Moreover, the test_1b made not by varying the ‘mo-
ment during the run until the desired trim angle is reached
but rather by predetermining the trim angle for which the

1ift is elso predetermined, in this way ruaning at fixed

tr1m angles tut free to rlse, and ﬁeasuring the momant.

_ Naturally, in thejend it,amountsLto the same thing but
the latter method hag important practical advantages. As,
iz contraest with the actual airplaane, stabilizing moments
arc not present and even the runaing of 'a model in fixed
positions favors the development of dlsturb11g oscilla-
tions, particularly oscillations in pitch, the floats usu-
2lly ruu quite unsteadily, which - especially with the very
large—~scale models that are desirable - is very inconven-
ient, makes the setting at the mean trim angle very diffi-
cult and tnus affects the measurement of the resistance.
Furthermore, at high sppeds thie “short time avallable for

L takxing readlnbs may not .always be sufficient for settlng

the correct tr1m aagle. . L o

| Figures 1 and 2 show the new test.set- ﬁpl Lift is usu-
ally applled over the center sheave a. [The moment can be
predetermined for 2 run frec to .trim b"-shlftlng the . run-.

“ning welght b on the moment hean c. . This moment beam is
pivoted ond a slide d that caonx move.on a vertical rall on

ball-bearing rollers. This made it n0351b1e to obtaln a
convenient reading of the rise at actual scale e, 2nd of
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the trim angle at a magnified scale f. If it is desired
to rg']?t ‘fixed trim it is only necessary-to clamp the mo-
mcnt

"Yeam to the slide by a coupling arm g. The trim 1is
then set by turning a threaded shaft h by a hand crank.
The moment is measured by measuring, or as proposed for
"the future, reglsterln the difference in the journal
loads on .the two 31eaves, forward and aft, by hydraunlic
capsulcs i and the mercury nanometer k.,
7 fn'e spparatus has proven itself satisfactory for the
urposes intended. Subjective influences such as the man-
uéL sA111 of the test personnel are very largely neutral-
lZﬁd 91d the notably quieter condition of the model, free
to rise, makes possible the accurate measurement of the
resistance even at high speeds. The great rapidity of
measurement has been especially advantageous. It was even
possxble “at quite high test speeds to make observations
at three or four d]fferent angles. At constant 1ift that
means that ‘several wing gettings can be studied simultane-
ously ana that theréforé in the same testing time as before
atb least tw1ce 2s 1ar9e a program of tests can be carried
out.

"It may be mentioned that the weight of the moving parts
of this apparatus 1s no greater than when running free to
tris and that the friction of the slide, thanks to suitable
construction, can|be neglected. In the design of this ap-
paratus hkessrs, Gorrissen and van der Smissen supplied val-

uable cooperation.

"THE DETERMINATION OF THE MANEUVERING CHARACTERISTICS

OF THE FLOAT

It is requlrea of the seaplaae that it maneuver satis-

factorily on the water, that is, that in a moderate wind it
shall taxi on any course with course stability and shall be
able to change its course. It appears more important that
the aircraft shall be avle to drift satisfactorily, that
is, that with a free rudder and eugines stopped, it shall
head into the wind of itself, just as a sailboat must be
weatherly to avoid bdroaching to and rolling over, that is,
with rudder left free it mmst head iato the wind.  The Yhe-
havior of the aircraft while being towed is also of 1n-};
terest, R
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Y.of If owe:'limits oneself to ‘the. approximate appraisal,

- determinatioh and possible improvement of the mianeuvering
characteristics of a design in the static cdondition, that
is, steady taxying on smooth water, elementary mechanics
at once determines the conditions. To begin with the vec-

=-itorial sum of all the air and water 'forces that are exert-
ed-on the float and seaplane must ‘bezero.::. The air forces
~zrie- the propeller thrust and 'the aerodynamic .drags that are
Texerted by the resultants '‘from wind :and air speed.. The.
fulfillment of these requirements regquires.that with 1at—
‘eral wind. components . there shall also be lateral .oppeasing
forces ‘on the float. To menerate these lateral water -
forces the aircraft must make leeway so that the water -
flows at an angle againszt: the float ‘and .thus produces ‘the
lateral fofrces required by the preceding conditions. The
conditionof directionally stable (course stable) taxying
- also requires that for a possible lateral movement of the
rudder the sum of all moments, both the water and air force
moments, shall be zero and that the derivative of the mo~
ment with respect to0 'the course angle shall be negative.

The Towing Basin therefore is confronted with the task
of determining the -three components of the horizontal water
forces that act on the float as the water flows against it
at different angles at various speeds and possibly also at
variouns transverse and fore-and-aft moments.” These figures

" maxe it possible,; if the required air forces on the parts

above water also -are known from wind-tunnel tests, to ob-

- 'tain the drift angle and the necessary rudder setting for
" a prescribed .propeller thrust and course relative to the
7. wind and in addition, to determine the course stability .
-and maneuverablllty. . e

Simple as the mathematical statement of the problem
is, the actual experimental and mathematical solution of
the problem is just as time-consuming and expensive, for
tne different possibilities of obtaining a2 better maneu-
verability by variations of throttle and movements of rud-
der or eclevator must be taken into account not only in
the model bagin but most of all in the wind tunnel, by a
very large number 0of series .of tests. However;:it 1ig pos-
sible to derive coefficionts from the experimental later-~

“al forces and yawing moments, taking account of the later-
al areas :0f the:parts above water . ard of the rudder of the
aircraft, that taken together with experience withusimi~
lar aircraft make it possible to render an opinion as .o
whether the float design under consideration will have good
or bad maneuvering qualities,
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It seems doubtful whether the problem justifies such
éTaborate wind-tunnel tests, espe01ally because the 51mp1e
flttlng of a water rudder will improve the maneuvering
gdalities so greatly that they w1ll satlsfy even severe
demands.

It seems much more 1mportant to investigate the drift-
-ing of seaplanes because the safety of the aircraft de-
pends on* this to'a* hlgh degree._ The mathematical require-
meats are the sane as for’ maneuVerlng, ‘but it is necessary
$6° tow thé médsl stern first 'at various angles of yaw be~
cause PEH S Seaplane drifts astern. Here the measurement of
the” yaw1n5 moment and the res1stance would suffice to check
tiHe stablllty requlrements and to determine the speed of"
drlfting. Aerodynamlcally the problem is considerably sim-
pler ‘and the practical’ executlon of the investigations
ig entirely p0351b1e and is'recommended for new designs,
esne01a11y in connectlon w1tn 1nvest1gat10ns of stability.

Figure 1 shows schematically the apparatus of the
"H.S.V.A. for measuring lateral forces; figure 3 is a pho-
tograph of it. The float model is fitted with a so-called
model head (1) that carries a horizontal bar (m) that
is adjustable about the vertical axis. This bar is guided
so as to be in the direction of motion by the guide bars (n)
which are also used in the ordinary towing tests. The guide
bars are fitted in such a manner that they can move later-
ally and, if the model has bsen set at an angle of yaw, by
adjusting at the model head, they support the forces for-
ward and aft on hydraulic capsules (o). A special advan-
tage appears to te that the lateral force tests can follow
directly after the take-off tests without altering the test
apparatus and consequently by better operation of the tow-
ing basin and the avoidance of fitting new apparatus, time
and mdoney can be saved to the advaatage of a more compre-
hensive test Drogram.

THE DE TﬁRMIVAmION OF LANDING IYPACT

Two years ago I had the honor of reporting to you re-
garding work orn thisg nroblem._ Peruit me to refer to it
here (reference 3). C N

Experimentally the rroblem is not so simple because
the quel tests should pe conducted not according to |
‘Froude's Law but accordiang to Cauchy's Law of Similarity,



AR A LY

S tetcas

¥

Rt e
e - -

“N.A.C.A.. Technical Memorandum ¥No. .740 7

-that, ‘among-other things, requires an elastic similarity

between model and full size, which can hardly be accom~.
nlished practically with models of the usual gcales. The
recognltion of this led to full size tests on actual air-
craft.  The forces at take-off and landing in a seaway
were measured using a stress recorder especially designed
for the purpose. It was found possible, along with the ob-
taining of nunmerical results, to check theoretical conmpu-~

~tations to a eertain point as well as to draw conclusions
. as-.to the validity of assunptions made for the computa-

tions. Above all, the tests produced. suggestlons for the

"fuxther treatment of the problem.

However Valuable and necessary ‘the experimental possi-

szliltJ is of making full sigze-tests, it is equally unsatis-

faotory if one is restricted to it alone. . Apart from the
high costs, the experimental difficulties and also the risk
to personnel and machines, the uncertainties of the exter-
nal conditions, for instance, seaway and method of landing,
impair the experimental accuracy of full size.tests, espe-
¢ially. if one desiresg;to learn, for exaumple, if .and by how
much one or the other form of bottom or float .construction
reduces:the landing shock.or if one desires Dby systematic

stress measurements to reduce the weight of a float con-

struction. There consequently arose the desire to produce
methods of testing that, based upon the laws of similarity,
could give the information required for the development of
seaplane floats. exactly, quickly, and cheaply from labora-
tory tests. - -

The theories used in the theoretical analysis had been
shown to be admissible by tire full size tests and could bde
used as a basis for the proposed model tests.

It can ‘be imagined that the heavy landing impacts con-
sidered in the assumptions as .to loads are produced by a
part of the planing bottom striking the water normal to the

keel with simultaneously uniform velocity over .the whole

area. With the help of this theory and some further con-
siderations the problem can be divided into:

;1. The determination of the impact forces, pressures,

“and stresses produced by the vertical droppiag.of a cais-

son constructed similarly to a full-sized float with pre-
determined vottom areas under 1mpact and at wvarious speeds
of impact.
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THi@y The determination-of the "bottom length under im-
pact!-rand-"the 'speed ‘of impact as related to seaway and
method of 1and1ng 4n full scale. or: in model bas1n tests.

Thé drop—testmng apnaratus (flb. 4) is 1ntended for
firot tests. ' : e

y

: ~A calssoﬁ constructed like a full=sized piece from
R mid -seét ok -of the float being studied, the length of
whrthbdﬁresponds'to the length of ~bottoxm of the float un-
@ér impact in & definite seaway, is dropped ontoithe water
surface from different heights in such a manner ‘that the
kecl or the whole bottom area strikes the water simultane-

~ougly s ‘The ‘¢aisson, "having: the weight of the full-sized

~ifloat is ‘loaded to c¢orrespondswith the gross weight of the
aircraft with a definite spring system interposed. The

ditgprings correspond to the natural elast1c1ty of “the air-
~¢raft. :

The weight slides in a guide. The determination of
the impact forces is done by recording the shortening of
the springs on impact. The speed of descent is determined
by plotting a time~distance curve. The description of fur-
ther details must remain for a later publication. However,
I would 1like to state that the structural development of
the design was in the hands of Mr. Gorrissen.

With this equipment we hope to be able to clear up a
series of important guestions. Primarily, comparative
measurements are to be undertaken to check and complete
the theories regarding the influences of bottom form, di-
mensions, -landing speeds, mass distribution, elasticity,
structural arrangenent, and materials.

Studies of the strength of float structures are an-
other extensive and important field, for the purpose of
making 1t possible, by means of a vetter use of materials
to construct the float either stronger for the same weight
or lighter for the sane streangth. -

Primarily bottom pressure recorders and stress record-
-grs will be used, both of which work on the scratching on
glass principle, that is, the tending of the measuring
disk or the extension of the material is recorded by a-
-scratch on'd revolving plate of ;lass and later 1nterpret—
ed under a nmicroscope (figs. 5, 6, and 7). :
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73 Inconnection with the strength computations for sea-

ptanés, theré ‘is still lacking a knowledge of the length
~of ‘botvom under impact and the angle of impact as affect-

ed: by the seaway and the. type of landing., With certain
precautions, tests in a model tank will answer if, - as in
the H.S.V.A., - a wave-making device is available. As the
quantities to be obtained depend principally on the geo-
metric relations iof the seaway and the dynamis properties -
of :the airplane;. but elasticity plays hardly any part,
model tests in a tank even at 'small scale are feasible. . -
If I am as yet unable to demonstrate it, nevertheless the.
development of this type of test is desirable as only mod-
el tests malke it possible to make predictions regarding
impact loads, for instance, on supporting structure, stud
wings, etc., and their most favorable location. '

There still remains a large field for full size tests.
Above all, the necessity for also checking the converti-
bility of model tests led the H.S.V.A. to propose full
size tests. In these again stress measurements are re~
guired.

Figure 8 shows a device developed by the H.S.V.A.
that records on a glass cyliander by means of a diamond.
I need not discuss the fundamentals of the method again
(reference 4), As this device was intended mainly for
tests on ships, empliasis was placed on a long period of
operation as well as great sensitivity. Accordingly, in
addition to direct recording without levers, recording
with a lever transmission is also provided, which makes
it possible to reach the same sensitivity with steel as
with duralumin with its small modulus of elasticity. The
lever transmission has demonstrated itself to be entirely
practical in measuring landing impacts, hence at rather
high freguencies.

" Special importance has been attached to.,simple and
light construction 2s well as good serviceability. The
attaching points lie close above the knife edges so that
any distortion of the -device in fixing in-posgition. is
avoided, . e :

I would like to discuss more completely another and,
as it seems to me, more substantial aid in the considera-
tion of float problems. In the wmost varied problems of
seaworthiness one is concerned with the idea of seaway.

SR A
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wns= The.estimation of seaway, as it:has- been.taken over
from .surface mavigation, does not scem:to.me-to be satis-
faetary any ‘longer for seaplanes. These seaway figures
require:at ledast .2 . clear definitioen, perhaps which seaway
figure should.correspond to certain definite wave heights,
either mean ‘or maximum,.ard which wave lengths should be
considered -as normalsi-Departures from the -wave lengths
siapould -thhen be indicated-by the seaway figures with.
"shqrth; Yvery.short", "long", or "very long". Above all
we peed nsuéh a - definition of seaway if we are to make sea-
morthinessitests in.the tank and are to make the seaway
wworrespond to’the model. o

dore A seaway measurlng dev1ce that nas veen designed and
developed by..the writer in two forms may serve for fundaw
mental studies of this kind, as well as for supplementar
. otests. in full-scale work... The principle of the device is

as follaws: S c

- .JA buoy, anchored or secured to an accompany*ng craft
floats on the surface. This buoy will follow the movements
of the water surface and rise and fall corresponding to the
waves. To record the motions of this buoy it is necessary
to have a fixed point, Whlch is dlfllcult to create in very
deep water. : Ty e P -

The difficulty is avoided by making use of the fact
that disturbances of the surface die away rapidly downward
and at a certain distance below the surface, are practi-
cally zero. Accordingly a pressure measuring device is
suspended from the buoy (fig. 9) and follows the movements
of the buoy. Now as the pressure on the measuring device
ig not affected by the motion of the water surface, if the
cable is long enough, the pressure differences measured
are proportional to the static pressure heights, that is,
to the movements of the device with the dbuoy and hence the
wave heights. From the variation of the pressures with
time the wave lengths can be determined directly.

Two devices have been developed by the writer accord-
ing to this principle, of which the one, built by the DVL,
records directly by scratching on glass and has a clock-
work .drive; the other, developed at the H.S5.V,A., 1s fitted
with electrical remote indication so that even with a more
exposed buoy the wave heights can be determined.
" Herr Dipl.-Ing. Mewes te sted the DVL device on the
Muggel-see near Berlln and determined its usefulness and
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accuracy of indication. . To him and to the DVL, I am in-
debted for courteously supplying flgures 10 and 11,
The ‘H. S.V. A. ‘device (fig. 12), that depends on the'
vvariations in resistance with the flow of a current

~:'through an electrolyte, was tested in the towing basin in

an:artificial seaway. Again the .indications were correct.

Further details must wait until later, after we have
made a greater number of readings with the device.  We hope,
in this manner, to svpply the basis for a clear definition
of seaway. ' : :

In closing, let me point out briefly the objectives
that at present stand in the foreground of the subject of
research on float systems.

The possibility of determining in advance by model
tests the get—-away characteristics of a design will avoid
the disagreeable surprises of earller days. Why, the take-
off problem itself might produce hardly any difficulties
if the form did not have such a great effect on the loads
on the float as well as on the whole aircraft. The in-
creases in wing loadings and therewith of landing speeds,
have more and more led to. endeavors to reduce the landing
impact of the previously common flat bottom. The planing
bottom has been.given a2 vee form which, however, with the
higher propeller thrusts of modern aircraft d4did no impor-
tant harm, but which produced heavy spray. Changes in the
bottom intended to overcome this, for instance, fillets
or wave-deflecting shapes or the 1like, again increase the
impact in a manner previously unknown.  Other methods for
the same purpose are longitudinal steps, springing of the
float struts or the bottom.

To provide fundamental information that will ‘make
possible a favorable compromise between 1landing - impact and
planing resistance is the immediate problem in experimental
float development.

For this purpose the dropping tests with the equip-
ment described above will serve as an extension of the
planing-surface tests made some time ago (reference 5).

The planing-bottom forms found suitable will then be ex-
panded to floats by systematic tests, in which .account will
be taken not only of take-off characteristics but also of
drifting, maneuvering, and stability.
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~ni «Other important questions' can be clesred up with the
test equipment that has been:described. We hope that bdy.
such comprehensively plaaned systematic float tests, it
will be:possible to promote development -consideradly and

to approach nearer to the final objective of the seaworthy
;sfeaplanie ‘eerodynamically on a par with! th'e landplane, with-
. bt nawing - had. accidentally favorable .or unfavorable re-~
sults in operation with one or the other float leading the
~d‘evelopment astray.

,E:""t

s S . CAT .
Translation by Starr Truscott,
National Advisory Committee
fior Aeronautics.
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w, counter weight

Figare 9.~-Diagram showlng the method of measuring ssaway.

H=Q834m
7-$6s 70s
L=g0m ! 1

Figure 1ll.-Wave height record.
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Figs. 2,3,4,5
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Figure 3.-Apparatus for
measuring

trensverse forces,

Figure 2,-Test apparatus
for take-off

ions,

3

investigat

e

Filgure 5.-Bottom pressure
recording device.

Figure 4.~Drop test apparstus
for study of landing

impa.ct .
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Figure 6.-Capsule for bottom

pressure recording
device (to be secured on the
lower side of the float bot-

Figure 8.~Extensometer recording

Figure 7.-Recording extensometer
for short gauge lengths,

Figure 10,=~
Seaway
measuring
device

with

direct
recording

( Do V. Ilu ) .

Mgure 12.-
(HeS.Vehs)e

Seaway measuring device
with remote indication
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